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Abstract: This article addresses the problematic of rainfall aggressiveness, with a 
special regard on the eastern part of Romania. The purpose of this approach is comparative 
analysis of some frequently used indicators in scientific literature or in the special studies 
developed under the aegis of Institute of Pedological and Agrochemical Studies (ICPA) 
Bucharest. Based on data from Bârlad meteorological station, the rainfall erosivity has been 
calculated through Yarnell index, this one being used to obtain the torrentiality coefficient 
as a ratio between the average intensity of the analyzed rain and the average intensity 
calculated by previously mentioned index. Subsequently, we exploited the indicator 
suggested by Stănescu et al. (1969), as product between quantity of precipitation (in each 
rain) and the average intensity of the torrential core for 15 minutes (H∙i15). The results show 
the need to review the indicator 99 from The Methodology of Soil Studies Elaboration. In 
view of these considerations, the index suggested by Fournier (1960) and amended by 
Arnoldus (1980) has been calculated. This is a synthetic index more easily to be obtained, 
which has a high degree of relativity for case studies, but which may be used successfully 
for regional analyses or general synthesis. For such approach, we used climate data (1961-
2006) from 15 meteorological stations placed in the eastern part of Romania. Beyond the 
level of generalization, the validity of results is proven by a significant correlation between 
Fournier index values and the monthly average erosion at plots under fallow and corn. 
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1. Introduction 
 
Eastern part of Romania is a region with an important agricultural component, 
based on crop production and accurately reflected by the land use. However, due to 
increased fragmentation of plots, the profitability of the current farming system is most 
often poor and the problems associated with soil erosion become more frequent and more 
intense. These problems are due to a combination of causative factors, with role in 
triggering or accelerating soil erosion. Some of these factors have an overall influence, 
but each one presents a distinct significance to regional and local level. In this context, 
the present research paper addresses only the role of rainfall in the sizing of soil erosion, 
given the climate features, with continental influences defined by irregular pluviometric 
regime. High rainfall torrentiality, overlapped to the erosion critical season, is a 
peculiarity for most part of the research area.  
The capacity of rains to determine a certain erosion impact is expressed by the 
so-called rainfall aggressiveness or rainfall erosivity. This parameter is defined most 
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frequently as the product between kinetic energy of rain and its intensity calculated for 
30 minutes (rainfall index, cf. Wischmeier W. et al., 1978).  The Wischmeier rainfall 
index is best correlated with the soil losses, as shown by the results obtained in the 
standardized runoff plots (Ioniţă I., 2000). Due to the difficulties of calculating this 
index, it is important to mention that rainfall aggressiveness may be expressed by other 
methods easier to be applied.  Even if the accuracy is lower, some of them have a 
higher suitability for generalizations and synthesis studies at regional level. 
 
2. Material and method 
 
The database was created through research contracts (CEEX 756/2006, 
CNCSIS 462/2006 and CNCSIS 476/2007) and the institutional collaboration of 
„Al. I. Cuza” University of  Iaşi. 
Climate data were provided by the National Meteorology Administration 
Bucharest, respectively the Regional Meteorological Center Moldova Iaşi. Hourly 
values of rainfall were used for Plopana and Bârlad stations (1977-1994) and the 
monthly means of climatic parameters (1961-2006) for several stations in eastern 
Romania: Focşani, Galaţi, Adjud, Tecuci, Bârlad, Bacău, Roman, Vaslui, Iaşi, 
Cotnari, Piatra Neamţ, Rădăuţi, Suceava, Botoşani and Darabani.  
The first indicator for the rainfall aggressiveness considered sufficiently 
relevant and frequently quoted in the scientific literature (Moţoc M., 1975, Ioniţă 
I., 2000) is the one proposed by Yarnell (1935). According to this index, a given 
rain has erosion efficiency if: 
I ≥ 0.254+5.08 ∙ t-1, where: 
I – average rainfall intensity during the time t (mm/min.); 
t – duration of torrential core (min.). 
Stănescu et al. (1969) proposed an index calculated as product between the 
quantity of precipitation (in each rain) and the average intensity of torrential core 
for 15 minutes (H∙i15). This indicator provides suggestive results for rainfall 
erosivity (Moţoc M., Ioniţă I., 1983). Another alternative to substitute Wischmeier 
rainfall index is represented by the index proposed by Fournier Fr. (1960). This one 
has been used with good results for other regions of the country (Ianoş Gh., 2006).  
The general equation for calculation is: 
Rmean
maxR
FI
2
, where: 
FI – Fournier index; 
Rmax – rainfall of the wettest month; 
Rmean – yearly mean rainfall.  
A modified version of this index has been used by Arnoldus H.M. (1980) 
in order to express more accurately the climate aggressiveness.  
The general formula for annual values is: 
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12 , where: 
MFI – the Modified Fournier Index; 
Ri – the monthly rainfall; 
Rm – average yearly rainfall.  
The significance of the obtained values is determined according to climatic 
features of the research area. For the continental temperate zone, this significance 
is as follows: 
≤ 20: very low rainfall aggressiveness;  
20-40: low rainfall aggressiveness;  
40-80: moderate rainfall aggressiveness;  
80-120: high rainfall aggressiveness;  
120-160: very high rainfall aggressiveness;  
≥ 160: excessively high rainfall aggressiveness. 
 
3. Results and discussion 
 
The minimum mean intensity required to a rain in order to ensure the 
erosion efficiency was calculated on the basis of Yarnell criterion and the duration 
of the torrential core (tab 1). 
 
Table no. 1 The minimum mean intensity of heavy rains (Yarnell criterion) 
t (minutes) 5 10 15 20 
I min(mm/min.) 1.27 0.76 0.59 0.51 
t (minutes) 30 45 60 90 
I min(mm/min.) 0.42 0.37 0.34 0.31 
 
To facilitate the expression, a torrentiality index of the studied rain (It) was 
computed as a ratio between the average rainfall intensity (Ii) and Yarnell intensity 
for the same duration of torrential core (I0): It = Ii/I0. Thus, positive values (It ≥ 1.0) 
indicate exceeding of the Yarnell torrentiality threshold, while subunitary values (It 
< 1.0) show that a given rain falls bellow the critical threshold, being inefficient in 
terms of erosion. Applying the Yarnell criterion for the heavy rains recorded at 
Plopana meteorological station (north-central part of Tutova Rolling Hills), it was 
found that 37 rains exceeding the torrentiality threshold (It ≥ 1.0) have been 
recorded in 18 years (1977-1994). 
These rains have lasted an average of 25 minutes and 15 seconds, have been 
characterized by an average intensity of 0.29 mm/min and an intensity of 2.18 
mm/min for the torrential core. Each rain amounted to an average of 18.9 l/m
2
. 
82                                                   IULIAN-CĂTĂLIN STÂNGĂ 
Regarding the annual distribution of these heavy rains, all of them have been 
recorded between May and September, the highest frequency occurring in June (37.8%), 
followed by July (21.6%) August (16.2%), September (13.5%) and May (10.8%). 
For larger periods of time, it appears that 56.8% of the rainfall was recorded 
between 15 May and 20 June, interval that overlaps the erosion critical season for 
Moldavian Plateau (Ioniţă I., Ouatu O., 1990). Extending the assessments on rains that 
don’t exceed the torrentiality threshold, but are caracterized by an It = 0.5-1.0, the 
situation is similar, except that such rains may be also recorded in April or October. 
However, 57.4% of the 68 registered rains fall during the critical erosion season, which 
remains dominant. These rains have lasted an average of 27 minutes and 13 seconds, 
have been characterized by an average intensity of 0.15 mm/min, an intensity of 0.86 
mm/min for the torrential core and a total water quantity of 12.8 l/m
2
. Annual 
distribution of heavy rains (It = 0.5-1.0 and It ≥ 1.0) highlights the issues previously 
presented (fig. 1). 
 
0
5
10
15
20
25
30
1 2 3 4 5 6 7 8 9 10 11 12
n
u
m
ă
r 
c
a
z
u
ri
It = 0.5 -1.0 It - peste 1.0  
Figure no. 1. Annual distribution of heavy rains at  Plopana meteorological station (1977-1994) 
 
Multiannual dynamics of erosion processes depends on the distribution in 
time of the aggressive rains. Given the temperate continental climate conditions in 
the eastern part of the Romania, against an annual average of 2-5 showers, there 
may be years in which the torrential threshold not be exceeded, but also years in 
which to record more than ten rains with impact on erosion triggering. 
For example, at Plopana, in 1982, 1985 and 1990, there were no storm 
events to exceed the Yarnell threshold.  On the other hand, in 1991, at the same 
weather station almost 780 mm precipitations have fallen and there have been 
recorded no more than 12 heavy rains, identified according to the same criterion. 
Extremely important for the assessment of erosion impact is the typology 
of heavy rains, determined by means of pluviograms. Frevert et al. (1955) separate 
four types of heavy rains depending on the position of the core with maximum 
intensity: uniform, advanced, intermediate and delayed (fig. 2).  
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Uniform type Advanced type
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Figure no. 2. Types of heavy rainfalls (Measnicov, 1975) 
 
Uniform type involves a relatively constant intensity throughout the rain, 
but the frequency of this type is lower. Advanced type is characterized by a high 
intensity in the early period of rain. In this case, the discharge is relatively low and 
soils have a high capacity of infiltration. However, this type of shower can generate 
important runoff if the soil drainage water exceeded the capacity of the field due to 
earlier rains or if soil texture is fine or medium-fine (Measnicov M., 1975).  
Intermediate type implies gradual increase and decrease in the intensity, 
the maximum value being recorded during the middle of the rain. Delayed type is 
characterized by an intensity that evolves upward, the maximum value being 
recorded at the end of rain. In this latter case, the runoff is more significant due to 
the reduction of soil infiltration capacity. The indicator proposed by Stănescu et al. 
(1969) provides suggestive results for rainfall erosivity expression (Moţoc M., Ioniţă I., 
1983). For the years 1970-1994, a good correlation (fig. 3) was established between 
this index and erosion under fallow derived from runoff plot measurements within the 
Ţarina Valley-Perieni (Ioniţă I., 2000). For corn and wheat, the correlations are 
progressively reduced as the protective role of vegetation increases. Thus, if under 
fallow, Pearson correlation coefficient is 0.89, for the maize its value reduces to 0.59, 
while for wheat, the same coefficient barely reaches the value 0.51. 
Finally, applying the Modified Fournier Index for the weather stations in the 
eastern part of Romania, it must be noted that the region is characterized by 
moderate rainfall aggressiveness. Lowest values were calculated for the southern 
part of the area (MFI ≤ 50 at Galaţi, Tecuci and Bârlad) and the highest ones for 
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the west and northwest (MFI > 60 at Piatra Neamţ, Suceava and Rădăuţi). 
However, annual regime reveals substantial differences from one month to another: 
from very low aggressiveness between December and March (MFI ≤ 20) to very 
high aggressiveness in June-July (MFI> 120). 
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Figure 3. Correlation between Hi15 index calculated for Bârlad weather station and erosion 
under fallow within the Ţarina Valley-Perieni, 1970-1994 (adapted from Ioniţă, 2000) 
 
Table no. 2. Annual average and monthly maximum value  
of Modified Fournier Index (1961-2006) 
Station IFM IFMmax. Luna  
Galaţi 44.1 110.5 VI  
Tecuci 45.9 106.7 VI  
Bârlad 50,0 137.1 VI  
Adjud 52.9 120.7 VI  
Vaslui 52.4 139.3 VI  
Iaşi 57.1 168.6 VI  
Bacău 58.4 174.3 VII 
Roman 55.5 160 VII 
Piatra Neamţ 67.2 215.1 VII 
Botoşani 58.8 182.1 VII 
Suceava 66,0 210.9 VII 
Rădăuţi 68.5 200.9 VII 
 
Furthermore, it can be easily found (Table 2) that, in the southern and 
eastern parts of the Moldavian Plateau, the maximum monthly values of MFI (100-
160) are recorded in June (Galati, Tecuci, Bârlad, Adjud, Vaslui), while to the 
western and northern regions, the maximum monthly values (160-220) are 
registered in July (Bacău, Roman, Piatra Neamţ, Botoşani, Suceava, Rădăuţi). 
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These findings argue the existence of an erosion critical season centered in 
June for the Plateau Bârlad (Ioniţă I., 2007), but delayed by about a month for the 
areas west of the Siret corridor and for the Suceava Plateau. The monthly erosion 
under fallow and maize, as shown field measured within Perieni Research Station 
during 1970-1999 (Ioniţă I., 2000) are well correlated to the MFI calculated for 
Bârlad weather station, located in the close proximity (Stângă I. C., 2009). 
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Figure no. 4. Monthly mean erosion under fallow and corn (t/ha, Perieni) and the MFI (Bârlad) 
 
It must be noted that the considered reference period is from May to October, 
interval for which there have been measurements of monthly erosion. Statistically, the 
correlation coefficients are more than significant (R
2
 values of 0.87 for fallow and 0.93 
for maize). This good correlation allows considering that the Modified Fournier Index 
could be widely used at least for the eastern part of Romania. 
 
4. Conclusions 
 
Due to the lack of consistent data, it is very difficult to quantify the 
erosional impact of rainfall and to express as accurately as possible its role in 
sizing the soil losses on the agricultural lands. Frequently, the difficulties of using 
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some consecrated indicators (Wischmeier rainfall index), requires the use of other 
indices, some of them based on the analysis of heavy rains (Yarnell criterion, 
Stănescu index), others having a more general character. The method of calculation 
and correlation to soil losses measured within runoff plots allow the use of these 
indices (e. g. Modified Fournier Index) for synthesis studies. Specifically, the 
results obtained for the eastern part of Romania's territory allow the regional 
analysis and show, moreover, the need to review, at least partially, the indicator 99 
and its values, according to Soil Studies Elaboration Methodology (third volume). 
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